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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the relative position precision 
between upper and lower conductor patterns. 

SOLUTION: Two through-holes 12 are punched in an (n)th layer green 
sheet 1 1b (unprinted green sheet) to which a high relative position 
precision is required at diagonal positions. Conductor patterns 14 are 
printed on an (n-1)th green sheet 11a with Ag system conductor paste 
and, at the same time, alignment marks 16 are also printed on the (n-1) 
th layer green sheet 11a with the same Ag system conductor paste. 
Then, after the green sheets 1 1, 1 1a and 11b from the bottom to the (n) 
th layer are piled in layers, the alignment marks 1 6 exposed in the 
through-holes 12 of the unprinted green sheet 11b are photographed by 
an optical recognition means provided above the laminated unit, and their 
position discrepancies from reference positions are detected to correct 
the position of the laminated unit After that, conductor patterns 1 5 are 
formed on the unprinted green sheet 11b on top of the laminated unit by 
screen printing, remaining green sheets 1 1 are put on the green sheet 
11b, and the whole laminated unit is baked. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the approach of carrying out the laminating of the green sheet of two or more sheets, calcinating it, 
and manufacturing a ceramic multilayer substrate at least one sheet of said green sheet of two or more sheets 
To the green sheet which is a non-printed green sheet which prints a conductor pattern, and carries out the 
laminating of said non— printed green sheet behind a laminating While forming a positioning mark, to said non- 
printed green sheet In case opening is formed in the location corresponding to said positioning mark and the 
laminating of said non-printed green sheet is carried out to a green sheet with said positioning mark A laminating 
is carried out so that said positioning mark may be exposed from said opening. Behind this laminating The 
manufacture approach of the ceramic multilayer substrate characterized by printing a predetermined conductor 
pattern to said non-printed green sheet after an optical recognition means' detecting said positioning mark and 
amending the location of a layered product on the basis of this. 

[Claim 2] The manufacture approach of the ceramic multilayer substrate according to claim 1 characterized by 
printing this positioning mark and a conductor pattern with the same conductive paste at coincidence in the 
green sheet which forms said positioning mark. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a ceramic multilayer substrate of 
carrying out the laminating of the green sheet of two or more sheets, calcinating it, and manufacturing it. 
[0002] 

[Description of the Prior Art] Conventionally, a ceramic multilayer substrate is manufactured with a green sheet 
laminated layers method in many cases. It screen-stencils a conductor pattern using the same conductive paste 
while it fills up that beer hall with conductive paste and forms the beer for interlayer connections in it, after this 
green sheet laminated layers method pierces and forms a beer hall in the green sheet fabricated with the doctor 
blade method. And the predetermined number-of-sheets laminating of this green sheet is carried out, it is 
calcinated, and a ceramic multilayer substrate is manufactured. 

[0003] Thus, the stripline of the electrode pattern of a capacitor or a RF application other than a circuit pattern 
may be formed in the inner layer of the ceramic multilayer substrate manufactured with a conductor pattern. In 
this case, in case a positioning mark will be printed to a green sheet and the laminating of this green sheet will 
be carried out in recent years since electrical characteristics worsen if a gap of the laminating location of the 
green sheet of the layer which forms the stripline of a minute capacitor or a RF application is large, a camera 
detects a positioning mark and he is trying to raise the laminating location precision of a green sheet by 
amending a laminating location on the basis of this. 
[0004] 

[Problem(s) to be Solved by the Invention] By the positioning approach of the green sheet using such a camera, 
the error of the laminating location of the green sheet of each class can be set to about 30 micrometers. In 
forming the stripline of a minute capacitor or a RF application, the relative location precision of the vertical two- 
layer conductor pattern which sandwiches the green sheet of one layer, i.e., the relative location precision of the 
vertical two-layer green sheet with which the predetermined conductor pattern was printed, poses a problem, 
therefore — if the error of the laminating location of the green sheet of one layer is 30 micrometers — the 
relative location precision of a vertical two-layer conductor pattern — two-layer — in order to perform 
recognition actuation separately — 1(302+302)/2 =42 [mum] 

It becomes. Although a position error of this level does not become a problem in a common circuit pattern, it 
causes dispersion in a property in the stripline of a minute capacitor or a RF application. Especially, in the latest 
high integration and the miniaturized ceramic multilayer substrate, it is becoming increasingly important to raise 
the relative location precision of an up-and-down conductor pattern. 

[0005] This invention is made in consideration of such a situation, therefore the purpose can raise the relative 
location precision of the up-and-down conductor pattern with which a high relative location precision is 
demanded, and is to offer the manufacture approach of a ceramic multilayer substrate that it can contribute to 
the improvement in electrical characteristics. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the manufacture approach of 
the ceramic multilayer substrate of this invention At least one sheet of the green sheet of two or more sheets 
which carries out a laminating To the green sheet which is a non-printed green sheet which prints a conductor 
pattern, and carries out the laminating of said non-printed green sheet behind a laminating While forming a 
positioning mark, to said non-printed green sheet In case opening is formed in the location corresponding to said 
positioning mark and the laminating of said non-printed green sheet is carried out to a green sheet with said 
positioning mark After carrying out a laminating so that said positioning mark may be exposed from said opening, 
and an optical recognition means' detecting said positioning mark after this and amending the location of a 
layered product on the basis of this, a predetermined conductor pattern is printed to said non-printed green 



sheet (claim 1). 

[0007] That is, about the green sheet (non-printed green sheet) of a layer with which the relative location 
precision of an up-and-down conductor pattern is demanded, after it carries out the laminating of the 
description of this invention, without printing a conductor pattern and it amends the location of the layered 
product using an optical recognition means, it prints a predetermined conductor pattern to the non-printed green 
sheet on the top face of a layered product concerned. Under the present circumstances, since location 
amendment of a layered product is performed on the basis of the positioning mark formed in the green sheet 
under one layer of a non-printed green sheet, printing of the conductor pattern to the non-printed green sheet 
performed behind a laminating is also performed on the basis of the positioning mark of the green sheet under 
one layer. Thereby, the relative location precision of the conductor pattern printed behind the laminating and the 
conductor pattern under one layer improves. 

[0008] Furthermore, to the green sheet which forms said positioning mark, it is desirable to print this positioning 
mark and a conductor pattern to coincidence with the same conductive paste (claim 2). Thereby, while 
presswork does not need to increase, the relative location precision of the conductor pattern and positioning 
mark which are printed to a green sheet also becomes exact. 
[0009] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt which applied this invention to the manufacture 
approach of a low-temperature baking ceramic multilayer substrate is explained. 

[0010] First, the manufacture approach of the green sheet of a low-temperature baking ceramic is explained. 
First, 10 - 55 % of the weight of CaO(s), Si02 45-70 % of the weight, aluminum2 03 0-30 % of the weight, CaO- 
Si02-aluminum2 03-B-2 03 whose mean particle diameter it quenches underwater, this is ground and is 3.0-3.5 
micrometers after fusing and vitrifying 0 - 10 % of the weight of impurities, and the mixture which contains B-2 
03 5-20 % of the weight by sotogake at 1450 degrees C System glass powder is produced. This 50 - 65 % of the 
weight (preferably 60 % of the weight) of glass powder and impurity mix 50 - 35 % of the weight (preferably 40 % 
of the weight) of 0 - 10% of the weight of alumina powder, and produce low-temperature baking ceramic powder. 
A solvent (for example, toluene, a xylene), a binder (for example, acrylic resin), and a plasticizer (for example, 
DOP) are added to this low-temperature baking ceramic powder, it fully kneads, a slurry is produced, and a green 
sheet with a thickness of 0.2mm is produced, using the usual doctor blade method. 

[0011] How to manufacture hereafter the low-temperature baking ceramic multilayer substrate of seven layers 
of the example shown in drawing 1 and drawing 2 using this green sheet is explained, first, a punch die etc. cuts 
the long picture green sheet fabricated with the doctor blade method in a predetermined dimension, for example, 
the green sheet 1 1 of 150mm angle is formed — the tooling holes (not shown) for positioning at the time of a 
beer hall (not shown) or a laminating are both pierced and formed in the predetermined location of each green 
sheet 11. Moreover, as shown in drawing 2 (a-1), two through tubes 12 (equivalent to opening as used in the field 
of a claim) are pierced and formed in a diagonal location at green sheet 11b (equivalent to the non-printed green 
sheet as used in the field of a claim) which carries out a laminating to the 4th layer mentioned later. The bore of 
each through tube 1 2 is 2mm. 

[0012] Then, the beer hall of each green sheet 1 1 is filled up with the conductive paste of Ag system, and 
conductor patterns 13 and 14 are screen-stenciled using the conductive paste of the same Ag system as **** 
to the green sheets 1 1 and 1 1a of other layers except green sheet 1 1b of the 4th layer with a through tube 12. 
[0013] The stripline of the electrode pattern of a minute capacitor or a RF application etc. counts from the 
bottom the conductor patterns 14 and 15 with which a high relative location precision is demanded on a RF 
property, and it is in the 4th layer with the 3rd layer, and the conductor pattern 14 of the 3rd layer is a pattern 
for example, with detailed 0.2mm width of face (refer to drawing 2 ), and is screen-stenciled before a laminating 
process like the conductor pattern 1 3 of other layers in this example using the conductive paste of Ag system. 
Furthermore, two positioning marks 1 6 are screen-stenciled using the conductive paste of the same Ag system 
to printing a conductor pattern 14 to green sheet 11a of the 3rd layer, and coincidence. 
[0014] It is a circular pattern with a diameter of 0.8mm, for example, and when [ at which the laminating was 
carried out to the 4th layer ] printed by the through tube 12 with a bore [ of green sheet 11b of the 4th layer ] 
of 2mm in a matched-pairs angle location, in a through tube 12, the positioning mark 16 whole is settled and 
each positioning mark 16 is exposed, as shown in drawing 1 (a). In addition, a conductor pattern 15 is screen- 
stenciled behind a laminating at non-printed green sheet 11b of the 4th layer with a through tube 12. 
[0015] After printing conductor patterns 13 and 14 and the positioning mark 16 to the green sheets 11 and 1 1a 
of each class excluding the 4th layer as mentioned above, the laminating of the green sheets 11, 11a, and 11b 
from the bottom to the 4th layer is piled up and carried out, and it is this layered product 80 degrees C and 
15kg/cm2 On conditions, heating sticking by pressure is carried out for 5 seconds, and it unifies. At the time of 
this laminating, the green sheets 11, 11a, and 1 1 b of each class are positioned by inserting a gage pin (neither 



being illustrated) in the tooling holes formed in each green sheet 1 1 . 

[0016] Thus, where a laminating is carried out from the 1st layer to the 4th layer, it will be in the condition that 
the positioning mark 1 6 whole settled and was exposed in two through tubes 1 2 of non-printed green sheet 1 1 b 
of the 4th layer, as [ show / in drawing 1 (a) ]. Then, the location gap from a criteria location is detected by 
photoing the positioning mark 1 6 exposed in two through tubes 1 2 of non-printed green sheet 1 1 b with optical 
recognition means (not shown), such as two sets of the CCD cameras installed above this layered product, 
carrying out the image processing of that video signal by the controller (not shown), and comparing it with the 
criteria location pattern beforehand memorized by memory. 

[001 7] Then, XYtheta table for positioning (not shown) on which the layered product is laid is made to slide in 
the direction of X, the direction of Y, or the direction of theta with a servo motor etc., a location gap of a layered 
product is amended, and a layered product is correctly doubled with a criteria location. Then, the conductor 
pattern 1 5 of 0.2mm width of face [refer to drawing 2 (a~2)] is screen-stenciled using the conductive paste of 
Ag system to non-printed green sheet 11b of the top face of this layered product. 

[0018] In this case, since location amendment of a layered product is performed on the basis of the positioning 
mark 16 formed in green sheet 11a under one layer of non-printed green sheet 11b, printing of the conductor 
pattern 15 to non-printed green sheet 11b performed behind a laminating is also performed on the basis of the 
positioning mark 16 of green sheet 11a under one layer. Therefore, recognition actuation is 1 time. Thereby, the 
relative location precision between the positioning mark 16 and the conductor pattern 14 printed at coincidence 
can be improved to the conductor pattern 15 printed behind the laminating at non-printed green sheet 11b, and 
green sheet 11a under one layer. 

[0019] And the laminating of the green sheet 1 1 of the 7th layer is carried out from the 5th layer on this layered 
product after printing of a conductor pattern 15 of the 4th layer, and it is this layered product 100 degrees C 
and 50kg/ cm2 On conditions, heating sticking by pressure is carried out for 60 seconds, and it unifies. This 2nd 
heating sticking by pressure makes temperature and a pressure higher than the 1st heating sticking by pressure 
(layer [ 1st ] - the 4th layer), and lengthens sticking-by-pressure time amount. Since layer [ 1st ] - the 4th layer 
is stuck twice by pressure, this is making lighter sticking by pressure which is the 1 st time, and is for preventing 
that layer [ 1 st ] - the 4th layer is stuck by pressure too much. 

[0020] After the 2nd heating sticking by pressure, after cutting the layered product of seven layers in 
predetermined size, the usual electric-type continuation belt furnace is used, and it calcinates on condition that 
900 degrees C and 20-minute maintenance. 

[0021] Since this invention persons measured the amount of gaps of the up-and-down conductor patterns 13 
and 1 4 (refer to drawing 3 ) by cross-section observation by the electron microscope while measuring the 
capacity of the capacitor which uses the conductor patterns 13 and 14 of the 4th layer as an electrode with the 
3rd layer about the low-temperature baking ceramic multilayer substrate (example) of seven layers manufactured 
as mentioned above, they show the measurement result in the next table 1 . 
[0022] 

[Table 1] 





mm. (mm 4 P rc 






3.88PF, a0.08pF 


0. 022mm 




WWR 3.53pF. o-O.UpF 


*d*fi 0. 040mm 



[0023] The average and the maximum of the standard deviation sigma and the amount of gaps of the up-and- 
down conductor patterns 13 and 14 of the measured capacitor capacity are shown in this table 1 (a 
measurement measurement size is 100 pieces). After printing the conductor patterns of all layers including the 
4th layer with the 3rd layer beforehand as an example of a comparison, also about the calcinated low- 
temperature baking ceramic multilayer substrate which carried out the laminating, same measurement is 
performed and the measurement result is shown in Table 1 . 

[0024] In the example, the maximum of the amount of gaps of the up-and-down conductor patterns 13 and 14 is 
about 1 of the minimum value of amount of gaps of example of comparison/2, and can decrease the amount of 
gaps sharply so that clearly from this table 1. For this reason, in the example, while being able to decrease the 
gap with the design value of capacitor capacity sharply rather than the example of a comparison, dispersion in 
capacitor capacity can also decrease sharply, and the capacitor of high quality can be made to build in a ceramic 
multilayer substrate, for example, it is suitable for manufacture of RF components like a coupler. 
[0025] In addition, at the above-mentioned operation gestalt, it is CaO-Si02~aluminum2 03-B-2 03 as an 
ingredient of the green sheet of a low-temperature baking ceramic. Glass powder and aluminum 203 of a system 



Although mixture with powder was used MgO-Si02-aluminum2 03-B-2 03 Glass powder and aluminum 203 of a 
system Mixture with powder may be used. Moreover, Si02-B-2 03 System glass and aluminum 203 A system 
and PbO-Si02-B-2 03 System glass and aluminum 203 You may make it use the low-temperature baking 
ceramic ingredient which can be calcinated below 1000 degrees C, such as a system and cordierite system glass 
ceramics. Moreover, the conductor printed to the green sheet of this low-temperature baking ceramic is not 
limited to Ag, but you may make it low-melt point point metals, such as Ag/Pd, Ag/Pt, and Au, Cu, used for it 
[0026] However, this invention is not limited to a low-temperature baking ceramic, but an alumina, alumimium 
nitride, etc. are applied also to the manufacture approach of the multilayer substrate formed with other ceramics, 
and it can carry them out. 

[0027] In addition, this invention may change the laminating location of a non-printed green sheet, or is good as 
for two or more sheets in the number of sheets of a non-printed green sheet, and may make the number of 
laminatings of a multilayer substrate the numbers of laminatings other than seven layer. Moreover, a positioning 
mark (through tube) may be formed in three or more places, or the through tube to which a positioning mark is 
exposed may be changed into a notch. 
[0028] 

[Effect of the Invention] According to the manufacture approach of the ceramic multilayer substrate of this 
invention, so that clearly from the above explanation About the green sheet (non-printed green sheet) of a layer 
with which the relative location precision of an up-and-down conductor pattern is demanded After amending the 
location of the layered product behind a laminating on the basis of the positioning mark of the green sheet under 
one layer Since the conductor pattern was printed to the non-printed green sheet on the top face of a layered 
product, the relative location precision of the conductor pattern printed behind the laminating and the conductor 
pattern under one layer can be raised, and electrical characteristics can be improved (claim 1). 
[0029] And to the green sheet which forms a positioning mark, since this positioning mark and a conductor 
pattern are printed to coincidence with the same conductive paste, while presswork does not need to increase 
and not reducing productivity, a positioning mark can be printed in an always exact location to a conductor 
pattern, and the relative location precision of an up-and-down conductor pattern can be improved also from this 
point (claim 2). 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Process drawing for explaining the manufacture approach of the ceramic multilayer substrate in 1 
operation gestalt of this invention 

[Drawing 2] For the enlarged drawing of the conductor pattern of the 4th layer, and (b-1), the top view of the 
green sheet of the 3rd layer and (b-2) are [ (a-1) / the top view of the green sheet of the 4th layer, and (a-2) ] 
the enlarged drawing of the conductor pattern of the 3rd layer. 

[D ra wj n gjfl The partial enlarged vertical longitudinal sectional view explaining a location gap of an up-and-down 
conductor pattern 
[Description of Notations] 

11 1 1a [ — A conductor pattern, 16 / — Positioning mark. ] — A green sheet, 1 1b — A non-printed green 
sheet, 12 — A through tube (opening), 13-15 
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-hi 1 #^U-yy-Fl 1©fJt£ 

mmmn mm?) mm^m^. 

l£$t£4lgfc«llTS?'U-yy-n 1 b (#ff 
t»$©$EH?V9*OTJ^U-yy-Kcra fcfi, 
02 (a-l) fc^t«fedfc, mid!2fflOJtl?Ll 2 

[0012] c£Dii, #?'y-yy-h 1 1 oer*- 40 

ML, Ag£©$tt^-XFfcft«U «3?L12©& 
§4f @©^U-yy-F 1 1 b£KK, mM<D?V 
-yy- Fl 1,11 atfciu ±ai:RIi;Ag*©»f* 
^-XF^ffltT#^/^-y 1 3, 14*X*U- 

[0013] #£S60ijm $Moyry^©*i/^ 

4, 1 5tt, Tfr5S*.T3lBfc4Sifcfc!), 31 
@©2f$/^-y 1 4(i, 0J*fcfO. 2mmflg©«ffl& 50 
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M-y (02#M) mMQWfrW-v l 
3 fc fcllgflfc A g ^CD#f*^-X h 

LTx^u-y^JtSo 3ig©yy-yy- 

F 1 1 attt, ^ft/^-yi 4£EPWJT5©i:^: 

mtf zffloffiiK**^-^ i 6%|rIi;a g&©«tt^ 

[0 0 1 4] 1 6ti, 4ii©yu- 

yy-F 1 1 bOrt^2mmcOHl?Ll 2tC^jS1"§^ 

mi (a) iCTTst^v^ 4JgB£7«lL 
fcfc££H17Ll 2 rtfcffijl^V-^ 1 6±#tflRS 
oTMtBT5<fc5k:&oT^S 0 ffi, ll?Ll 2©&3 

AMmmwm-yy-hi 1 btcti, $jg&tc$ 
f*/<*-yi 5^x^u-yEniJtSo 

[oo i 5] «±oj:5kl^ m%m<m<D>f 

iJ-^-Hl, 1 1 aicmfo'W-yi 3, 14^ 
feS^fe-7-^1 6£WJL/c^ T*^4lS$t?© 
?U-yy-F 1 1, 1 1 a, 11 b*fite^t>^TSI 
1U C©«lft*m^8 0'C, 15kg/cm 2 O 

&?v-yis-vi ucB^nmmm^m 

MWV-yy-h 11, 1 1 a, 11 bjWMBW>S 

[00 16] C©«fc9tCbTlli^6 4«l$-eS(l 
LfcttJBt»tt, gll (a) £^t*5t, 4ll©*En 
BJ^U-y^-M 1 b£D2©moll?Ll 2M4g 

0k, c©ssift©±^k:si$nrc2^©ccD*^ 

y^-F 1 1 bO)2®^ll?Ll 2rtt»ffiUrc(£[S 
j*«>^~^ l 6£Jli;U ^Offtftt^nyho-^ 

$ i ^§ wmw> ^ - y t tm ? s <: 4: v, ma. 
[0017] c©^, mwmznx^zmm 
x^e^c+h-^-^ii-ex^^F^^T^if*© 
So c<d&, c©^if*©±ffi©»iJ^u-yy-h 

1 1 bfCtffl^^O. 2mmt§©3i#:/^-y 1 5 [0 2 
(a -2) #fig] %Ag^O*ft^-Xh*ffiffltT^ 

[0018] c©ti^ mmmmmtt, mm? 
u-yy-F i i b© HT©^u-yy-h 1 1 ate 

T\ «lftfcfi5*9l8iJ^U-^>-M 1 b-\©3»{* 

/^-yi 5©WBiJfe HT©^u-yy-h 1 1 a© 

fifi^to^-^l 6£g$fc:LT?Tfcft3o 1 



-yy-h 1 1 b\Lm\Lfcmw>^-y \ st, n i 

~F(D7V-yi/-h 1 1 afcffiSftfcv-* 1 6£|fpt 
t«JL/c#ft/^-y 1 4 fc©H©iffi*fWftB?i?&£ 

[0 0 19]^LT, 4«g©aH*/^->l 5O0J»J 
& c ©8Hft±fc: 5 11 5. 7 1 g © 7 U - y 5/- h 

1 1 zmmb, ctommmmf i o ou 5 o k g 

/cm ©&fr?6 0m ifjnlE*LT-Wb1-5o 

c©2nii©iinsiff»tt, i ma (iig~4iB) © 

<t?>o cmi, iig~4ig^20ji*$n§/c 
^ lSBoEafceafctsiifcT?, ng~4«g 
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[0 0 2 0] 2@i©MB&& 7J§©«E#£ffi)g 

L~Cs 9 0 0°C, 2 0^O^fftMt5 o 
[0 0 2 1 ] JW±©«fc3fc:Lr£!lWc 

7i©fggjtM-fe7 5 7^^iife (mm KO^ 

X, 3lgi:4lg©#f*^^-yi 3, 14*W&£ 

zmmmk^^xtymfo^z-yi 3, 14© 
?nm (.mm) «£l/c©?\ *<Dm%&m% 
m 1 kjs*. 

[0 0 2 2] 
[*1] 





g?s (isttffi 4 P f) 






3.88PF, <r0.08pF 


0. 02ZJM 


lttt« 


T*fll 3.53PF. aO.HpF 


S/jNfil 0. 040mm 



[0023] ccSiKtt, $J£Lfcayrytmi© 

¥mt*<DW$mots ±T<Dmfri*-vi3. 20 
1 4©ftii©i^ffi^LT^5 (Sis-y-y^/i/tRtt 

l 0 0ffl?&S) o JtKWfcl/C, l^3lgi:4lB 

^m±mm{P^-ymw\btmmmhxm 
w&t^\ zmm^mncfr.Lx^o 

[0 0 2 4] il©^lfr£>HI35frfc<fc3fc, ^SfifljT? 
(i, ±T©#f*^-yi 3, l 4©f'tii©t;W 

mwwtimm^imm 1 /2 0 > t 

jt«0« * t) 1 3 yf yvmmn m t vtmmt 30 

^^©nyry^ftii^^c fctfT?£, fflfctf 
Hg£8©«fc 9 ftlJi$j?fi n n n©§»® LT^S, 
[0 0 2 5]^, ±f3^JiMim UUm^^y 
f7<D?V-y : y-h<DmtLX, CaO-Si0 2 - 
A 1 2 0» -B. 0. |OA7^tAh 0, 
fcOg^ftfcffl^fejft MgO-S i Ch -Ah O3 

£fflt^Tfc&<, *ife, S i 0 2 -Bz O3 40 

All Oi P bO-S i O2 -Bi Os 

Ah O3 ^ a-^xv-Th^lfk^T.^©! 0 

0 0 °cWTf«-et mumty 5 <y 
S.fcSfcl/tfe&W, Sfc, C©ffififfiiftte7 5'.!'*© 

?y-yy-HcEWf a gtisssn-f, 

Ag/PcU Ag/Pt, Au, Cu^OfiiluS^JB* 
[0 0 2 6] {ML, {fifSM-fe^'y^WH 
•y * Tf^Snfc^lSSOSfig^lSfc: fcSffl Lxm 50 



[0027] *©*& *nmt> *BJ«^u-y>-h 
©^ififi^^M t/c d , -y y- h ©«» 

IX fe &v\ 

[0 0 2 8] 

[J^©aJ!] W±©!»5iE5fr&<fc?^ 
©-b75y^^lSfi©S!l7?Sk:«fcn^ ±T©#f* 

/^-y©ffl»uWUt*TO$n§i©^u-yy 
-h (*ra^u-yy-h) ko^t^ 
^©«if*©fue^ i iT©?u-yy- vmmm 
■?-?mmzixmbrc±.x\ ^mmwm^ 
rn^v-yi/- bKWfri*-y*ttMtz 1 1 

fc©T\ »lf^cEPIiiJLrc#f^^-y^ 11T©#(* 
/^-yt©ffi«4»lfg^^±?^5ci:^t 

t> mmmfo±x$z> mmi) „ 
[0029] L^t, tiLmtbv-tmmzw- 

yy-hfcti, i^feH^i6-7-^i:«f*;^-yi:^p 
UWft^-X ht?P^fc9]filiJtS©^ TOJIg^tlx. 

©^5fe±T©«^^-y©ffl^f5fil*S^^± 

•et s (»«S2) o 

[0ffi©ffi¥^^B^] 

m i ] *mm-mmmcmz>*.7^v>7m% 

[02] (a-l) «4ig©^u-yy-h©¥ffi 

0, (a -2) «4lg©#f*/^-y©ffim (b 

-l) &3ig©^y-yy-h©¥ffi& (b-2) 
\$msmw>^-y<DthXm 
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[03] ±Tm&>w-y<otitmttv&imtzm *n, na-^y-»-f, iib-*aw;- 



1 6-ffi|Ift«>^-^. 



[01] 

16 ubm>mv->~>-h 



[02] 



16 ffiflft*^-? 




\ 


(a 

16 


-1) 
14 


JUfr 

pi 
juff 


mtf mff 

juiT juiJ - 
pi JUff 



(b-1) 



(a-2) 



(b-2) 



[03] 




